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Integrated optical (lO) biosensors systems have attracted quite attention during last 
years as devices that can measure, in a direct way and with high sensitivity, biomolecli:ar 
interactions. Optical sensors fabricated with integrated optics microtechnology offer sevcn! 
advantages as a better control of the light path by the use of optical waveguides, mechap;'..:al 
stability, higher sensitivity, miniaturisation, and the possibility of mass-production. Moreover, 
the use of silicon microelectronics technology allows a high homogeneity of the waveguide 
material and the possibility for integration of optical and electrical functions on one chip by 
silicon optical hybrids technology [1,2]. 
Usually, integrated optical sensors make use ofthe evanescent field detection principie: 
when there is a change in the optical characteristics of the outer medium in contact with the 
sensor surface (i.e. refractive index), a modification of the optical properties of the guided 
mode is induced via the evanescent field [3]. To detect this variation, several techniques can be 
used: resonant mirror, . grating coupler, interferometers, etc [4]. We have chosen an 
interferometric method based on the Mach-Zehnder interferometer due to its higher sensitivity 
compared to other schemes, In this sensor configuration, the refractive index change is 
evaluated by the intensity modulation produced by the interference of light travelling through 
the two arrns of the interferometer, one of which is exposed to the refractive index variations of 
the outer medium. For sensing use, the Mach-Zehnder Interferometer (MZI) has to verify two 
conditions: monomode behaviour and high surface sensitivity [3J. 
For achieving that aim, we have designed, fabricated and testing two different types ,)f 
MZI interferometers based on microelectronics technology: (i) a TIR MZI nanodevice (ii).an 
ARROW MZI microdevice. 
Fig.l Optimised ARROW-A structure for sensing applications 
The first one is an integrated MZI sensor based on SbN4 waveguides with a core 
thickness of 100 nm, a rib depth of 3 nm and 4 ¡lm width, and a silicon oxide c1adding layerof 2 
¡lm and n=1.46. Although the smalI dimensions of this device are a drawback for fabricatiol! 
and mass-production, its high surface sensitivity (theoretical surface sensitivity is around 3.4.10' 
4 nm") justified its development. 
The second one is an integrated MZI based on antiresonant reflecting optical 
waveguides (ARROW) with the optimised structure shown in Fig.1, which consists on a rib­
ARROW-A structure with: a non-stoichiometric silicon oxide core layer (ncore=1.485, thickness 
higher than 2 ¡lm); a silicon oxide second cladding layer (n= 1.46, thickness 2 ¡lm) and a Si3N4 
first cladding layer (0 .12 )lID, n=2.00). The waveguide is overcoated with a Si3N4 35 nm layer 
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and with a silicon oxide layer (n=1.46) of thickness 2 ¡..tm. The rib depth is 60% of the core 
thickness and the rib width should be lower than 8 ¡..tní to obtain single-mode behaviour. The 
dimensions of the ARROW devices rnakes them more suitable for rnass-production although 
surface sensitivity is slightly Iower than the TIR MZI (for the ARROW MZI, theoretical surface 
sensibility is 0.6.1004 run ol ). 
Fig. 3. Details olone MZI ARROW device. (left) Y-junc/ion 01 R=5 mm (righ/) sensor and relerence areas 
Several Mach-Zehnder configurations varying the separation between arrns and the Y­
junction parameters (angles between branches and Y -junction shape function) were designed 
and fabricatedo Fig. 2 shows a chip containing 14 MZI devices and Fig. 3 sorne details of one of 
the MZI sensors. The devices are tested with different refractive index solutions as can be seen 
in Fig. 4 (a) and with the adsorption of layers of irnmunoglobulins (Fig. 4b). 
Our rnain interest in developing this technology if for application in the environrneptal 
field, using these devices for the rnonitoring of polIutants in water sarnples using imrnunoas~ay 
techniques The detection of pollutants is achieved through the use of specific antibodies to thc 
pollutant to be detected (rnajnly biocide agents and pesticides). 
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FigA (a) Varia/ion on an ARROW MZI sensor from water to glucose solu/ion oln = 1.339 (b) adsorption 
01 protein layer on an ARROW MZI device (sensor area, L=15 mm) 
[1] 	 Prieto, F., Llobera, A., Jirnénez, D., Dominguez, c., Calle, A. & Lechuga, L.M., "Design and 
analysis of silicon antiresonant reflecting optical waveguides for evanescent field sensors", Journal 
01 Lightwave Technology, 18(7),966-972 (2000) 
[2] 	 Wiki, M., Gao, H., Juvet, M. & Kunz, R. "Compact integrated optical sensor system", Biosens. 
Bioelec. 16,37-45 (2001) 
[3] 	 Prieto, F., Lechuga, L.M., Calle, A , Llobera, A & Dominguez, c.,. "Optimized Siiicon antiresonant 
reflecting optical waveguides for sensing applications", Journal 01 Lightwave Technology, 19 (1), 
75-83 (2001) 
[4] 	 Luff, BJ., Wilkinson, J.S., Piehler, 1., Hollenbach, U., Ingenhoff, 1. & Fabricius, N., "In/egrated 
Oplical Mach-Zehnder Biosensor" Journal olLightwave Technology, 16 (4), 583-592 (1998) 
-:-4 
ro 
~ 3 
(1) 
en 
0.015 mg'mr' 
5 10 15 20 25 30 35 40 
Tiempo (min) 
